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INHALATION MONITORING SYSTEM AND METHOD

5 CROSS- REFERENCE TO RELATED APPLICATIONS

This non-provisional patent appilication claims priority to U.S. Provisional Patent
Application No. 62/087,567, filed December 4, 2014, U.5. Provisional Patent Application
No. 62/087,571, filed December 4, 2014, and U.5. Patent Application No, 14/802,675,
10 filed July 17, 2015, each of which is incorporated by reference herein in its entirety and

for all purposes.

FIELD OF THE INVENTION

15 This invention is related to an inhaler, an inhalation monitoring system, and a method

for monitoring an inhaler,

BACKGROUND

20  Inhalers or puffers are used for delivering medication into the body via the lungs, They
can be used, for example, in the treatment of asthma and chronic obstructive puimonary
disease (COPD). Types of inhalers include metered dose inhalers (MDIs), Soft Mist
Inhalers {SMis), nebulisers and dry powder inhalers (DPIs).

A tidal inhaler is a class of inhaler in which the medication is consumed in multiple
25 successive inhalations (e.g., which may be referred to as tidal breaths) rather than a
single inhalation. The patient uses their normal at rest breathing pattern without an

exaggerated inhalation flow rate, also known as forced inhalation manesuver,

A spirometer is an apparatus for measuring the volume of air inspired and expired by &
30 patient’s lungs. Spirometers measure ventiiation, the movement of air into and out of

the lungs. From the traces, known as spirograms, output by spirometers, it is possible

1
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to identify abnormal  (obstructive or restrictive) ventilation patterns. Existing
spirometers use a variety of different measurement methods including pressure

transducers, ultrasonic and water gauge.

5 Peak flow meters are used to measure peak expiratory flow {PEF), also called peak
expiratory flow rate (PEFR). This is a person’'s maximum speed of expiration. PEF
correlates with the airflow through the bronchi and thus the degree of obstruction in the
airways. Peak flow readings are lower when the airways are constricted, for example
due to an exacerbation of a lung condition. From changes in recorded values, patients

10 and doctors may determine lung functionality, severity of symptoms, and treatment.

Peak flow meters can also be used for diagnosis.

Spirometers and peak flow meters are generally used to monitor the lung function
and/or lung health of individuals, in particular lung patients suffering from conditions

15 such as asthma and COPD. Lung function is defined according to expiratory measures,
such as PEF.

Angther measure of lung Tunction is forced expiratory volume in 1 second (FEV1). FEVL
is the volume of air that can forcibly be blown out in one second, after full inspiration.
20  In obstructive diseases {e.g. asthma, COPD, chronic bronchitis, emphysema} FEV: is

diminished because of increased airway resistance to expiratory flow.

Patient lung function is generally monitored during appointments with medical
practitioners, pericdically or in response to a recurrence or worsening of symptoms. For
25  reasons of practicality, monitoring is typically quite infrequent during periods of
apparent good health. Reactive treatiment is therefore not always administered as soon
as it ideally would be, and preventative treatment can be used more than necessary.

Some patients find spirometers and peak flow meters tricky to use and may need
30  training and supervision in their use. Due to this, and for reasons of cost, most patients

do not possess personal spirometers or peak flow meters,
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What is needed is an improved means of monitoring lung function and/or health for

patients with obstructive lung conditions.

5 SUMMARY

According to a first aspect, there is provided an inhalation monitoring system
comprising: an inhaler comprising medicament delivery apparatus configured to deliver
medicament to a user during an inhalation of the user; inhalation monitoring apparatus
configured to, during said inhalation, gather data for determining a8 measure of the

10 user’s lung function and/or lung health; and a processor configured to receive said data
from said inhalation monitoring apparatus and, using the data, determing a measure of
the user’s lung function and/or lung health.

The inhaler could be a dry powder inhaler. The inhaler could be a pressurised metred
15 dose inhaler (pMDI). The inhaler could be a wet nebuliser. The inhaler could be a tidal

inhaler.

Said processor could be configured to determine said measure of the user’s lung function
and/or lung health by determining, from the data, peak inspiratory flow (PIF). Said
20  processor could be configured to determine said measure of the user's lung function

and/or lung health by determining, from the data, total inhaled volume.

The inhalation monitoring system could further comprise a user interface. Such a user
interface could be configurad to provide an indication of said measure of the user’s lung
25  function and/or lung health to the user. Such a user interface could be configured to
provide an indication of said measure of the user’s lung function and/or lung health to
a caregiver. Such a user interface could be configured to provide an indication of said

measure of the user’s lung function and/or lung health to a medical professional.

30  Said indication could comprise an absolute value. Said indication could comprise a

relative value. Said indication could comprise a binary health indicator, Said indication
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could comprise a tertiary indicator of whether the measure is above, below, or within a

safe zone.

Said indication could be dependent upon data relating to the user.

The inhalation monitoring system could further comprise a transmitter. Said transmitter

could be wireless,

Said transmitter could be configured to send the data to a user device for processing.
10 Said transmitter could he configured to send the data to a user device for storage. Said
transmitter could be configured to send the data to a user device for provision to the
user. Said transmitter could be configured to send the data to a user device for provision
to a caregiver. Said transmitter could be configured to send the data to a user device
for provision to a medical professional.
15
Said transmitter could be configured to send the data to a server for processing, Said
transmitter could be configured to send the data to a server for storage. Said transmitter
could be configured to send the data to a server for provision o the user. Said
transmitter could be configurad 1o send the data to a server for provision to a caregiver.
20  Said transmitter could be configured to send the data to a server for provision to a

meadical professionat.

Said transrnitter could be configured to send the data to a data cloud for storage.

25 Said transmitter could be configured to send said measure to a user device for
processing. Said transmitter could be configured to send said measure {0 a user device
for storage. Said transmitter could be configured to send said measure 10 a user device
for provision to the user. Said transmitter could be configured to send said measure o
a user device for provision 0 a caregiver. Said transmitter could be configured to send

30  said measure to a user device for provision to a medical professional.
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Said transmitter could be configured to send said measure 10 a server for processing.
Said transmitter could be configured to send said measure to a server for storage. Said
transmitter could be configured to send said measure to a server for provision to the
user. Said transmitter could be configured to send said measure Lo a server for provision
5 o a caregiver. Said transmitter could be configured to send said measure {0 a server

for provision to a medical professional.

Said transmitter could be configured to send said measure 10 a data cloud for storage.

10 U8, Provisional Patent App. Nos. 62/011,808 and 62/135%,798, and U.S. Patent
Application No. 14/802,675, which are each incorporated by reference herein in their
entirety, describe an interface device that supports communications between a medical
device and an electronic device. Such an interface could be utilized in the inhalation
rmonitoring system that is described herein.

15
Said processor could be comprised in said inhaler. Said inhalation monitoring apparatus
could be comprised in said inhaler. Said inhalation monitoring apparatus could be
configured to be connected to said inhaler such that it is in pneumatic communication
with a flow channel thereof. Said user interface could be comprised in said inhaler. Said

20 transmitter could be comprised in said inhaler.

Said inhalation monitoring apparatus could comprise a pressure sensor. Said pressure
sensor could be a microelectromechanical system (MEMS) pressure sensor. Said
prassure sensor could be a barometric MEMS prassure sensor. Said pressure sensor

25 could be a nancelectromechanical systerm (NEMS) pressure sensor.

Said inhalation monitoring apparatus could be configured to gather the data by sampling
a pressure differential or absolute pressure at a series of time points.

30  said sampling could be periodic. Said sampling period could be approximately 50ms.
The sampling frequency could be 100 Hz, for example.
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Said medicament delivery apparatus could be further configured to deliver medicament
to the user during a further inhalation of the user subsequent to said inhalation. The
further inhalation may be a new breath by the user using a tidal inhaler, or a

continuation of the first inhalation by the user using a dry-powder inhaler, for example.

Said inhalation monitoring apparatus could be further configured to, during said further
inhalation, gather further data for determining a further measure of the user’s lung
function and/or lung health. Said processor could be further configured to receive said
further data from the inhalation monitoring apparatus. Said processor could be further
10 configured to, using the further data, determine a further measure of the user’s lung
function and/or lung health. Said processor could be further configured to make a
comparison of the data with the further data. Said processor could be further configured
to make a comparison of the measure of the user’s lung function and/or lung health
with said further measure of the user’s lung function and/or lung health.
15
The processor could be further configured to determine efficacy of usage of said inhaler

using said comparison.

The processor could be further configured to predict future changes to the user’s lung
20 function and/or lung health using sald comparison.

Said future changes to the user's lung function and/or lung health could comprise
exacerbations of an existing respiratory condition such as asthma or chronic obstructive
pulmonary disease {COPD).
25
The inhalation monitoring system couid be configured to provide an alert to the user in
response o said processor predicting one of a predetermined set of future changes to
the user's lung function and/or lung heaith. The inhalation monitoring svstem could be
configured to provide an alert to a caregiver in response to said processor predicting
30  one of a predetermined set of future changes to the user’s lung function and/or lung
health. The inhalation monitoring system could be configured to provide an alert to a
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medical professional in response 1o said processor predicting one of a predetermined

set of future changes to the user’s lung function and/or lung health.

Said prediction could use data collected from subjects other than the user.

Said processor could be configurad to determine said measure of the user’s lung function
and/or lung health using a mathematical model such as a regression model,

Said mathematical model could be of the correlation between total inhaled volume and
10 forced expiratory volume in 1 second (FEV:). Said mathematical model could be of the
correiation between peak inspiratory flow (PIF) and forced expiratory volume in 1
second (FEV:). Said mathematical model could be of the correlation between total
inhaled volume and peak expiratory flow {PEF). Said mathematical model could be of
the correlation between peak inspiratory flow (PIF) and peak expiratory flow {(PEF).
15
For a multiple inhalation tidal inhaler or nebulizer, said mathematical model could be of
the correlation between forced expiratory volume in 1 second {FEV:) and the rate of

change of the expiratory flow.

20 For a single inhalation dry-powder inhaler, a measurameant of the user’s fung function
and/or lung health may be based upon a single breath by a user. For a tidal inhaler or
nebulizer, the measurement may be based upon multiple breaths by the user, It is
envisioned that outlying data points generated by the multiple breaths may be rejected,
ieaving only the good data points available for data processing.

25
The mathematical model could take into account biometric data for the user.
Said biometric data could comprise gender. Said biometric data could comprise age.
Said biometric data could comprise height. Said biometric data could comprise weight,
30

The inhalation monitoring system could further comprise a user interface device

operable to switch on and/or off said medicament delivery apparatus such that, when

7
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the medicament delivery apparatus is switched off, said inhaler is usable as a

spirometer,

Said user interface device could comprise a mouthpiece cover of the inhaler. Said

5 mouthpiece cover could be coupled to the medicament delivery apparatus such that a
dose of medicament is made available for inhalation through a mouthpiece of the inhaler
each time said cover is opened, The medicament delivery apparatus could be configured
such that no further doses of medicament can be made available for inhalation through
said mouthpiece until the cover has been completely closed and opened again.

10

The inhalation monitoring system could further comprise a placebo inhaler device, Said
placebo inhaler device could comprise said inhalation monitoring apparatus. Said
placebo inhaler device could be configured to be operably connected to said inhalation
rmonitoring apparatus. Said placebo inhaler device could present substantially the same

15 inhalation flow resistance to a user as said inhaler.

The inhalation monitoring system could comprise a battery configured to power the
meadicament delivery apparatus. The inhalation monitoring system could comprise a
battery configured to power the inhalation monitoring apparatus. The inhalation

20 monitoring system could comprise a battery configured to power the processor,

The inhalation monitoring system could further comprise memory configured to store
the data. The inhalation monitoring system could further comprise memory configured
to store said measure,
25
The medicament delivery apparatus of the inhalation monitoring systen may comprise
a medicament, and/or may be part of a kit that comprises the inhalation monitoring
system and a medicament. The medicament may comprise one or more active
ingredients, for example, one or more of a long-acting muscarinic antagonist (LAMA), a
30  short-acting muscarinic antagonist (SAMA), a long-acting B2-agonist (LABA), a short-
acting Ba-agonist {SABA), and/or an inhaled corticostercid (3CS).
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According to a second aspect there is provided a method comprising: using an inhaler,
delivering medicament to a user during an inhalation of the user; during said inhalation,
gathering data for determining a measure of the user’s lung function and/or lung heaith;
and using the data, making a determination of @ measure of the user’s lung function

5 and/or lung heaalth,

The inhaler could be a dry powder inhaler. The inhaler could be a pressurised metred
dose inhaler (pMDI). The inhaler could be a wet nebuliser. The inhaler could be a tidal
inhaler.

10
Said determination could be made by determining, from the data, peak inspiratory flow
{(PIF). Said determination could be made by determining, from the data, total inhaled

vilume.

15 The method could further comprise providing an indication of said measure of the user’s
fung function and/or lung heaith 0 the user by means of a user interface. The method
could further comprise providing an indication of said measure of the user’s lung function
and/or lung health to a caregiver by means of a user interface. The method could further
comprise providing an indication of said measure of the user’s lung function and/or lung

20 health to a medical professional by means of a user interface.

Said indication could comprise an absolute value. Said indication could comprise a
relative value. Said indication could comprise a binary health indicator. Said indication
could comprise a tertiary indicator of whether the measure is above, below, or within a

25  safe zone.

Said indication could be dependent upon data relating to the user.

The method could further comprise, by means of a transmitter, sending the data to a
30  user device for processing. The method could further comprise, by means of a
transmitter, sending the data to a user device for storage. The method could further
comprise, by means of a transmitter; sending the data to a user device for provision to

9
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the user. The method could further comprise, by means of a transmitter, sending the
data to a user device for provision to a caregiver. The method could further comprise,
by means of a transmitter, sending the data to a user device for provision to a medical

professional.

The method could further comprise, by means of a transmitter, sending the data o a
server for processing. The method could further comprise, by means of a transmitter,
sending the data to a server for storage. The method could further comprise, by means
of a transmitter, sending the data to a server for provision to the user. The method
10 could further comprise, by means of a transmitter, sending the data to a server for
provision to a caregiver. The method could further comprise, by means of a transmitter,

sending the data to a server for provision to a medical professional.

The method could further comprise, by means of a transmitter, sending the data to a
15 data cloud for storage.

The method could further comprise, by means of a transmitter, sending said measure
to a user device for processing. The method could further comprise, by means of a
transmitter, sending said measure to a user device for storage. The method could

20 further comprise, by means of a transmitter, sending said measure to a user device for
provision to the user. The method could further comprise, by means of a transmitter,
sending said measure to a user device for provision to a caregiver, The method could
further comprise, by means of a transmitter, sending said measure 10 a user device for
provision to 3 medical professional.

25
The method could further comprise, by means of a transmitter, sending said measure
to a server for processing. The method could further comprise, by means of a
transmitter, sending said measure to a server for storage. The method could further
comprise, by means of a transmitter, sending said measure 1o a server for provision to

30  the user. The method could further comprise, by means of a transmitter, sending said

measure o a server for provision to a caregiver. The method could further comprise,

10
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by means of a transmitter, sending said measure to a server for provision to a medical

professional.

The method could further comprise, by means of a transmitter, sending said measure

5 o a data cloud for storage.

Said transmitter could be a wireless transmitter.

As noted above, according to the second aspect of the invention, there is provided a
10 rethod comprising: using an inhaler, delivering medicament to a user during an
inhalation of the user; during said inhalation, gathering data for determining a measurs
of the wuser's lung function and/or lung health; and using the data, making a

determination of a measure of the user’s lung function and/or lung health.

15 Said gathering could be done by said inhaler. Said determination could be made by said

inhaler.

Said gathering could be done by inhalation monitoring apparatus. Said method could

further comprise connecting said inhalation monitoring apparatus to the inhaler such
20 that the inhalation monitoring apparatus is in pneumatic communication with a flow

channel of the inhaler.

Said user interface could be comprised in said inhaler. Said transmitter could be

comprised in said inhaler.

25 Said gathering could be performed by means of a pressure sensor. Said pressure sensor
couid be a microelectromechanical system (MEMS) pressure sensor. Said pressure
sensor could be a barometric MEMS pressure sensor. Said pressure sensor could be a

nanoelectromechanical system {NEMS) pressure sensor.

30  said data gathering could comprise sampling a pressure differential at a series of time
points. Said data gathering could alsg comprise sampling an absolute pressure at a

series of time points.

11
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Said sampling could be periodic.

Said sampling period could be approximately 50ms. The sampling frequency could be
5 100 Hz, for example.

The method could further comprise delivering medicament to the user during a further
inhalation of the user subsequent to said inhalation. The method could further comprise
during said further inhalation, gathering further data for determining a further measure
10 of the user's lung function and/or lung health. The method could further comprise using
the further data, making a determination of a further measure of the user’s lung function
and/or lung health. The method could further comprise making a comparison of the data
with the further data. The method could further comprise making a comparison of the
rneasure of the user’s lung function and/or lung health with said further measure of the

15 user’s lung function and/or lung health.

The method could further comprise determining efficacy of usage of said inhaler using

said comparison,

20 The method could further comprise predicting future changes to the user's lung function

and/or lung health using said comparison,

Said future changes to the user's lung function and/or lung health could comprise

exacerbations of an existing respiratory condition such as asthma, chronic obstructive

: {RSV), Cystic Fibrosis {(CF),
Y (PE).

25  pulmonary disease (COPD), ro

diopathic pulmonary fibrosis (IPF), or pu

The method could further comprise providing an alert to the user in response to said
predicting. The method could further comprise providing an alert to a caregiver in
30 response o said predicting. The method could further comprise providing an alert to a

medical professional in response to said predicting.

12
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Said prediction could use data collected from subjects other than the user.

Said determination of said measure of the user’s lung function and/or lung health could

use a mathematical model. Said mathematical model could be a regression model.

Said mathematical model could be of the correlation between total inhaled volume and
forced expiratory volume in 1 second (FEV:), Said mathematical model could be of the
correiation between peak inspiratory flow (PIF) and forced expiratory volume in 1
second (FEV:). Said mathematical modei could be of the correlation between total
10 inhaled volume and peak expiratory flow {PEF). Said mathematical model could be of
the correiation betweean peak inspiratory flow (PIF) and peak expiratory flow (PEF).

The mathematical model could take into account biometric data for the user.

15 Said biometric data could comprise gender. Said biometric data could comprise age.
Said biometric data could comprise height. Said biometric data could comprise weight.

The method could further comprise: switching off a medicament delivery function of the
inhaler; and using the inhaler as a spirometer.
20
For a single inhalation dry-powder inhaler, for example, switching off said medicament
delivery function could comprise opening a mouthpiece cover of the inhaler, Said cover
could be configured such that a dose of medicament is made available for inhalation
through a mouthpiece of the inhaler each time the cover is opened. The inhaler could
25  be configured such that no further doses of medicament can be made available for
inhalation through the mouthpiece until the cover has been compietely closed and
opened again.

The method could further comprise using a placebo inhaler device,

Said gathering could be performed by inhalation monitoring apparatus. Said placebo
inhaler device could comprise said inhalation monitoring apparatus. Said placebo inhaler

13
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device could be configured to be operably connected to said inhalation monitoring
apparatus.

Said placebo inhaler device could present substantially the same inhalation flow
resistance to a user as said inhaler. For a multiple inhalation tidal inhaler or a wet
nebulizer, which may have a lower inhalation flow resistance than a dry-powder inhaler,
it may be advantageous to use a special non-drug cartridge having a defined inhalation
flow resistance. The non-drug cartridge could electronically identify itself to the inhaler
by the same means that is used to identify the drug within a cartridge, e.g., via an

glectrically erasable programmable read-only memory.

The method could further comprise storing the data and/or said measure in memaory.

14
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BRIEF DESCRIPTION OF THE DRAWING FIGURES

Aspects of the present invention will now be described by way of example with reference

to the accompanying figures. In the figures:

Figure 1a illustrates an example correlation between PEF and the maximum flow
measured during inhalation;

Figure 1b illustrates an example correlation between FEVI and total inhaled volume;
Figure 2 schematically illustrates an example inhalation maonitoring system; and

10 Figure 3 is a flowchart of an example inhalation monitoring method.

DETAILED DESCRIPTION

The following description is presented to enable any person skilled in the art to make

15 and use the system, and is provided in the context of a particular application. Various
modifications to the disclosed embodiments will be readily apparent to those skilled in
the art.

The general principles defined herein may be applied to other embodiments and
20  applications without departing from the spirit and scope of the present invention. Thus,
the present invention is not intended to be limited to the embodiments shown, butis to
be accorded the widest scope consistent with the principles and features disclosed

herein.

25 Many lung patients are prescribed inhalers so that they or a caregiver can administer
madicament ¢ them as a routine preventative measure, to ease an exacerbation, or
both. Such patients and caregivers are trained in the use of these inhalers and become
very familiar with them. It is therefore proposed o monitor patients’ lung function using
their inhalers. Monitoring lung health while administering medication reduces the time

30  and effort required from patients, caregivers and medical professionals to manage lung

conditions.
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This has not been previously considered since, as explained above, lung function is
generally assessed using expiratory measures and dry powder inhalers, for example,
are not generally designed to permit exhalation. In some cases, for example some dry
powder inhalers, exhalation into inhalers can impair their function (e.g., if moisture from
5 an exhalation causes powdered medicament to form clumps, making even

administration more difficult).

However, the applicant has established that there are correlations between some
expiratory measures of lung function and some inspiratory measures. For example, see

10 Figure 1a, showing a correlation between PEF and the maximum flow measured during
inhalation {peak inspiratory flow, PIF), and Figure 1b, showing a correlation between
FEV1 and total inhaled volume. Regression lines and their equations are indicated on
the plots, where:

X1 = gender (male = §; female = 1)

15 2 = age/years
x3 = height/cm

xa = weighi/kg
Xs = PEF/Lmin?
s = FEV1i/Lmint
20 yi1 = inhaled volume/}
vz = PIF/

It is therefore proposed to process inhalation data gathered while administering
medicament with an inhaler in order to determing lung function and/or health.
25
Figure 2 schematically illustrates an example inhalation monitoring system 200, An
inhaler 210 comprises medicament delivery apparatus 211, This could for example be
as per the dry powder inhalers described in any of PCT patent application publication
numbers WO 01/97889, WO 02/00281, WO 20057034833 or WO 2011/054527, which
30  are incorporated in their entirety herein. Inhalation monitoring systems could also

comprise other types of inhalers/nebulisers, for example, pressurised metred dose



WO 2016/090260 PCT/US2015/064017

inhalers {pMDls) or wet nebulisers, The inhalers could require forced inspiratory

manoeuvres or only tidal breathing.

Inhalation monitoring apparatus 220 may also be comprised in the inhaler as shown, or
5 may be comprised in a separate unit connected to it. The inhalation monitoring
apparatus could for example comprise a minigture {(2.g., microelectromechanical,
MEMS, or nancelectromechanical, NEMS) pressure sensor as described in any of US
patent application numbers 62/043,126 to Morrison, 62/043,120 to Morrison, and
62/043,114 to Morrison, which are incorporated in their entirety herein. Other suitable
10 arrangements could be envisaged. For those making use of a pressure sensor, said
sensor should be in pneumatic communication with an airflow channel of the inhaler

through which the user inhales,

A processor 230 communicates with the inhalation monitoring apparatus in order to
15 process data collected by the inhalation monitoring apparatus to determine a measure
of the user's lung function and/or health, The processor could be comprised in the
inhaler as shown, or if the inhalation monitoring apparatus is comprised in a separate
accessory unit, the processor could also be comprised in said accessory unit., If the
inhalation monitoring apparatus is equipped with a wired or wireless transmitter 221,
20  the processor could be in a separate device, for example a user device such as a
smartphone, tablet, laptop or PC. If the inhalation monitoring apparatus is equipped
with a transmitter capable of communicating with a network such as the internet, the
processing could be done remotely, for example at a medical professional’s PC or on a
health service, inhaler manufacturer or cloud server. For example, any of the
25  abovementioned devices or servers could also be used for data storage. Processor 230
may be made up of multiple processors in any of the abovementioned iocations, for
example some basic processing may be done on board the inhaler, while more detailed

analysis is offlcaded to a remote device or server.

30  The inhaler may comprise a user interface 240 for providing information relating to use
of the inhaler and/or determined lung function and/or lung health, This could, for

example, be a screen, indicator light, indicator buzzer, speaker, traditional dose counter
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tape, vibrating alert etc. or any combination of these or similar. Alternatively or
additionally, such information could be provided via one or more user interfaces of a
user device of the patient or a caregiver or medical professional.

5  The system could also comprise a memory 250 for storing the collected data, calculation
resuits and computer code instructions for execution by the processor. As with the

processor, the memory could be located in the inhaler or an external device or server,

The electronic component of the inhaler could be powered by a battery 212 so that the
10 inhaler can be portable.

The inhaler could further comprise switching means for putting the medicament delivery
apparatus in or out of operation. When the medicament delivery apparatus is not
functioning, the inhaler can be used as a spirometer. As gne example, electronic
15 switching means could be provided if the medicament delivery apparatus is under
electronic (e.g., push-button) control. As another example, PCT patent application
publication number WO 2005/034833, which is incorporated by reference herein in is
entirety, describes a mechanism for a metered dose dry powder inhaler in which a
metering cup measures out a dose of medicament from a hopper and is moved o a
20  dosing position by action of a yoke linked to a mouthpiece cover. Thus, opening the
mouthpiece cover primes the inhaler for use and once a dose has been inhaled, further
dosing is not possible until the cover has been closed and opened again. Using such an
inhaler with the inhalation monitoring apparatus proposed herein, a patient could take
their dose of medicament and, before closing the mouthpiece cover, make one or more
25 further inhalations through the mouthpiece for the purposes of further data collection.
This allows greater volumes of data to be collected without risking the patient over-
dosing. As vet another example, a spirometer cartridge could be connected to a
replaceable cartridge tidal inhaler, and a patient could make one or more further

inhalations through the spirometer cartridge for the purpose of further data collection,

Alternatively or additionally, the inhaler described above could be provided in a kit with

a placebo or dummy inhaler which has a similar flow resistance o the real inhaler, but

18
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which either does not comprise medicament delivery apparatus, is empty or is loaded
with a placebo substance such as lactose. The placebo inhaler could comprise similar
inhalation monitoring apparatus to that described above, or could be connectable to

such apparatus.

If inhaler 210 were a wet nebulizer, for example, then all of the electronic components
could be located in a module that is removably connacted to the inhalation port in order
to protect the electronics from exposure to fluid. The module could be configured to be
connectad to different wet nebulizers of varying shape and size. The module could

10 include a flow channel having a defined inhalation flow resistance that is higher than
the inhalation flow resistance of the wet nebulizer alone {e.g., without the moduie).
Figure 3 is a flowchart of an example inhalation monitoring method 300. At 310,
inhalation (through an inhaler) commences. At 320, medicament is delivered via the
inhaler. At 330, data concerning said inhalation is collected. At 340, inhalation ends. At

15 350, the data is processed to make a determination of a measure of lung function and/or
fung health, The order of steps 320 and 338 could be reversed or they could be carried
out partially or fully in parallel. Step 350 could occur before, during or after 340 and
before, after, or fully or partially in parallel with 320.

20 The data could also be used for adherence monitoring by a medical practitioner, e.g.,
to ensure that the inhaler is being used properly by the user.

The processing could comprise use of a mathematical model such as the regression
models illustrated in Figure 1.
25
Method 300 could be repeated sach time the inhaler is used, which could for example
be daily. Data gathered from multiple uses of the inhaler and/or determinations made
from the data could be stored and compared to provide an indication of the progression
of a condition over time. This information could be used to determineg efficacy of the
30 current treatment regime and inform any changes which may be required. The processor
may also be capable of using the data and/or determinations to predict future changes
in lung function and/or lung health. This prediction could be based on date (e.g., only

10
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on data) coliected from the patient in question, and/or could incorporate data collected
from other patients too. For example, data from users of many inhalers as described
above could be collated and used to identify patterns in inhalation data changes
preceding exacerbations of particular lung conditions. The processing logic could thus
5 be self-learning. If a particular patient’s data is then seen to match the beginning of
such a pattern, they or their caregiver or medical practitioner could be alerted so that
any required changes to a treatment regime (for example, increased dosage, additional

medications or therapies) can be made 1o help avoid an exacerbation.

10 The data collected by the inhalation monitoring apparatus could he, for example, a time
serigs of pressure differential measurements or absolute pressure measurements,
Measurements could be made periodically, for example every 10ms, 50ms or 100ms
over e.g. 2, 5 or 1{ seconds. Data collection may be reset between uses of the
inhalation monitoring apparatus.

15
The user interface could provide a numerical value, for example of measured PIF,
calculated total inhaled volume, calculated PEF, calculated FEV1 or a fraction or
percentage of one of these relative to an ideal value for the particular patient (e.g., said
ideal value could be chosen based on biometric data such as age, gender, height, weight

20 etc.). Alternatively or additionally, it could provide & binary indicator as to whether or
not the measured value is within 2 heaithy range, or & tertiary indicator as to whether
the measured value is below, above or within a healthy range. Boundaries of such a
healthy range could again depend on bhiometric data stored for the particular patient.
The user interface could alternatively or additionally be used to indicate number of doses

25  taken or number of doses remaining in a disposable inhaler, refillable hopper or
disposable cartridge. Another alternative or additional indication could be whether the
inhaler has been used correctly, for example so that the patient or a caregiver or medical
professional is alerted to missed doses, inhalations that are too short or weak for
effective drug administration, or that medication has otherwise been taken incorrectly,

30  and/or receives confirmation that medication has been taken correctly.

20
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The inhaler is preferably directed to the treatment of respiratory disorders such as
asthma and/or COPD. A range of classes of medicaments have been developed to treat
raspiratory disorders, and each class hags differing targets and effects.

5 Bronchodilators are employed to dilate the bronchi and bronchioles, decreasing
resistance in the airways, thereby increasing the airflow o the lungs. Bronchodilators
may be short-acting or long-acting. Typically, short-acting bronchodilators provide a
rapid relief from acute bronchoconstriction, whereas long-acting bronchodilators help
control and prevent longer-term symptoms.

10
Different classes of bronchodiiators target different receptors in the airwavs. Two

commonly used classes are anticholinergics and Ba-agonists.

Anticholinergics {or “antimuscarinics”) block the neurctransmitter acetvicholine by
15 selectively blocking its receptor in nerve celis. On topical application, anticholinergics
act predominantly on the M3 muscarinic receptors located in the airways 1o produce
smooth muscie relaxation, thus producing a bronchodiiatory effect. Preferred examples
of long-acting muscarinic antagonists {LAMAS) include tictropium {(bromide), oxitropium
{bromide), aclidinium (bromide), ipratropium (bromide) glycopyrronium {bromide),
20 oxybutynin (hydrochloride or hydrobromide), tolterodine (tartrate), trospium {chioride),
solifenacin (succinate)}, fesoterodine (fumarate) and darifenacin {(hydrobromide)}. In
cach case, particularly preferred salt/ester forms are indicated in parentheses. Preferred
examples of short-acting muscarinic antagonists {SAMAs) include tropicamide and
cyclopentolate,
25
Bz-Adrenergic agonists (or “Bz-agonists”) act upon the B:-adrenoceptors which induces
smooth muscle relaxation, resulting in dilation of the bronchial passages. Preferred
iong-acting Bz-agonists (LABAS) include formoterol (fumarate), salmeterol (xinafoate),
indacatero!l {maleate), bambuterol (hydrochioride), clenbuterst (hydrochioride),
30  olodaterol (hydrochlioride), carmoterol (hydrochioride), tulobuterol (hydrochloride) and
vilanterol {(triphenylacetate). Examples of short-acting Bz-agonists (SABAgS) include
salbutamol  {sulfate), terbutaline (suifate), pirbuterol (acetate), melaproterenol

21
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{suifate), and albuterol. In each case, particularly preferred sait/ester forms are

indicated in parentheses.

Anocther class of medicaments employed in the treatment of respiratory disorders are

5 inhaled corticosteroids {(1CSs). ICS are steroid hormones used in the long-term control
of respiratory disorders. They function by reducing the airway inflammation. Preferred
examples include budesonide, beclomethasone (dipropionate)}, fluticasone (propionate
or furpate), mometasone {furoate), ciclesonide and dexamethasone {(sodium)}. In each
case, particularly preferred salt/ester forms are indicated in parentheses.

10
The active ingredients may be administered in combination, and both combination
therapies and combination products have been proposed. Examples of combination
treatments and products disclosed in the art are set out in WO 2004/019985, WO
2007/071313, WO 20087102128 and WO 2011/069197. The active ingredients can be

15 & combination of a LAMA, LABA and an ICS. They may be a double combination of a
LAMA and a LABA, a LAMA and an ICS, a LABA and an ICS, and/or the like. They may
aiso be a combination of a LAMA, a LABA, and an ICS.

Example combinations are:
20 oxybutynin (hydrochioride or hydrobromide) and formoterol (fumarate)
darifenacin (hydrobromide) and formoterol (fumarate)
oxybutynin  (hydrochioride  or  hydrobromide), formoterel  (fumarate) and
beclomethasone (dipropionate)
darifenacin (hydrobromide)}, formoterol (fumarate) and beciomethasone (dipropionate)
25 oxybutynin (hydrochioride or hydrobromide) and salmeterol (xinafoate)
darifenacin (hydrobromide) and salmeterol (xinafoate)
oxybutynin (hydrochioride or hydrobromide), salmeterol (xinafoate) and fluticasone
{propionate)
darifenacin (hydrobromide), salmeterol (xinafoate) and fluticasone (propionate)
30  glycopyrronium (bromide) and indacatercl (maleate)
glycopyrronium (bromide) and formoterol (fumarate)

tiotropium (bromide) and formoterol {fumarate)
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tiotropium (bromide) and carmotero! (hydrochioride)
tiotropium (bromide) and olodatero! (hydrochioride)
tiotropium (bromide) and indacaterol {maleate)

budesonide and formoterol (fumarate)

A number of approaches have been taken in formulating these classes of active
ingredients for delivery by inhalation, such as via a dry powder inhaler {DPI), a
pressurised metered dose inhaler (pMDI), or a nebuliser.

10 The AP of the medicament should penetrate deep into the lung in order to reach their
site of action. Therefore, the APIs are miicronized to obtain particies having the reguired
size, typically a mass medium aerodynamic diameter (MMAD) of 1-5 um.

The medicament may be delivered as pure drug, but more appropriately, it is preferred
15 that medicaments are delivered together with excipients (carriers) which are suitabie
for inhalation. Suitable excipients include organic excipients such as polysaccharides
{e.g. starch, cellulose and the like), lactose, glucose, mannitol, amino acids, and
maltodextring, and inorganic excipients such as calcium carbonate or sodium chloride.
Lactose is a preferred excipient.
20
Particles of powdered medicament and/or excipient may be produced by conventional

techniques, for example by micronisation, milling or sieving.

Additionally, medicament and/or excipient powders may be engineerad with particular
25  densities, size ranges, or characteristics. Particles may comprise active agents,
surfactants, wall forming materials, or other components considered desirable by those

of ordinary skiil.

The medicament may be incorporated into the reservoir of an inhaler or into a canister

30  to be placed inside of an inhaler. Alternatively, the medicament may be presented
separately to the inhaler, for example in a blister strip of unit doses or capsules which
can form a kit of parts with the inhaler.

23
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The applicant hereby discloses in isolation each individual feature described herein and
any combination of two ¢r more such features, to the extent that such features or
combinations are capable of being carried out based on the present specification as a
whole in the light of the common general knowledge of a person skilled in the art,
irrespective of whether such features or combinations of features solve any problems
disclosed herein, and without limitation to the scope of the claims. The applicant
indicates that aspects of the present invention may consist of any such individual feature
or combination of features. In view ¢f the foregoing description it will be evident to a
person skilled in the art that various modifications may be made within the scope of the
invention.
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What is claimed is:

i. An inhalation monitoring system comprising:

an inhaler comprising a medicament delivery apparatus configured to deliver

5 medicament to a user during an inhalation of the user;

an inhalation monitoring apparatus configured o, during said inhalation, gather
data for determining a measure of the user’s lung function and/or lung health; and

a processor configured o receive said data from said inhalation monitoring
apparatus and, using the data, determine a measure of the user’s lung function and/or

10 lung health.

2. The inhalation monitoring system of claim 1, wherein the inhaler is a dry powder
inhaler.
15 3. The inhalation monitoring system of claim 1, further comprising a user interface

configured to provide an indication of said measure of the user’s lung function and/or

fung health to at least one of the user, a caregiver, or & medical professional.

4. The inhalation monitoring system of claim 1, further comprising a transmitter,
20
5. The inhalation monitoring system of claim 4, wherein said transmitter is
configured to send the data and/or said measure to one or more of:
a user device and/or server for one or more of processing, storing, or
provisioning to one or more of the user, a caragiver, or a medical professional; and
25 a data cloud for storage.
&. The inhalation monitoring system of claim 1, wherein said processor is comprised
in said inhaler.
a0 7. The inhalation monitoring system of claim 1, wherein said inhalation monitoring

apparatus is comprised in said inhaler.
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8. The inhalation monitoring system of claim 1, wherein said inhalation monitoring

apparatus COMPprises a pressure Sensor.

9. The inhalation monitoring system of claim 1, further comprising a user interface
5 device operable to switch on and/or off said medicament delivery apparatus such that,
when the medicament delivery apparatus is switched off, said inhaler is usable as a

spirometer,

10. The inhalation monitoring system of claim 9, wherein said user interface device
10 comprises a mouthpiece cover of the inhaler coupled to the medicament delivery

apparatus such that a dose of medicament is made available for inhalation through a

mouthpiece of the inhaler each time said cover is opened, the medicament delivery

apparatus being configured such that no further doses of medicament can be made

available for inhalation through said mouthpiece until the cover has been completely
15 closed and opened again.

i1, The inhalation monitoring system of claim 1, wherein the medicament delivery

apparatus comprises a medicament.

20 12, A kit comprising the inhalation monitoring system of claim 1 and a medicament.

13. The inhalation monitoring system of claim 11 or the kit of claim 12, wherein the
raedicament comprises one or more active ingredients selected from a long-acting
muscarinic antagonist {LAMA), a short-acting muscarinic antagonist {SAMA}, a long-

25  acting Bz-agonist (LABA), a short-acting Be-agonist (SABA), and an inhaled
corticosteroid (ICS).

14, A method comprising:
using an inhaler, delivering medicament to a user during an inhalation of the
30 user;
during said inhalation, gathering data for determining a measure of the user's

lung function and/or lung health; and
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determining a measure of the user’s lung function and/or lung health using the

gathered data.

15. The method of claim 14, wheregin said determination is made by determining
5 peak inspiratory flow {(PIF) and/or total inhaled volume from the data.

16, The method of gither of claim 14, further comprising:
delivering medicament to the user during a further inhalation of the user
subsequent to said inhalation;
10 during said further inhalation, gathering further data for determining a further
measure of the user’s lung function and/or lung health;
using the further data, determining a further measure of the user’s lung function
and/or lung health; and
making a comparison of the data with the further data and/or a comparison of
15 the measure of the user's lung function and/or lung health with said further measure of
the user’'s lung function and/or lung health.

7. The method of claim 16, further comprising determining efficacy of usage of said
inhaler using said comparison.

20
18. The method of claim 16, further comprising predicting future changes to the

user’s lung function and/or lung health using said comparison.

19, The method of claim 18, wherein said future changes to the user’s lung function
25  and/or lung health comprise exacerbations of an existing respiratory condition such as
asthma or chronic obstructive pulmonary disease (COPD).

24, The method of claim 19, further comprising providing an alert to one or more of

the user, a caragiver, or a medical professional in response to said predicting,

21, The method of claim 14, wherein said determination of said measure of the user’s

fung function and/or lung health uses a mathematical model.

27
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22. The method of claim 21, wherein said mathematical model is of the correlation
between either total inhaled volume or peak ingpiratory flow (PIF) and either forced

expiratory volume in 1 second (FEV1) or peak expiratory flow {PEF}.

23. The method of claim 22, wherein the mathematical model takes into account
biometric data for the user,
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[0079] S 2p Al ] DASE BT A8 A3 1) AR DR A B

[0080]  Frik A= MRk £ 4E ] LA AL HE P 5 o Bir ik AR W) AR B4 o] DA 46 47 0% . BT ik AE M0
B v LAALEE B &1 o B AR W) ik 2004 o] DAL A

[0081] %5 vAT] LA — DB 45 : S PR N 28 1K) 254030026 D Re 5 DA S AT AR AR = v H
RN o

[0082]  Xof-T- BRI N TR W N2, 910, 5 ) i ik 25 36 326 Dl e m] LA FEFT R N 28 1
W 11 555 Tk 55 57T LA I B [ A9 58 24 55 B 4T P, — 550 25 4 ik MR N 45 1T 11 AT
TN BN AR BEFERAHE - PAENAY T HTESRORABERSEFOE
IR S8 A AT RIS A o

[0083] %7 At — DA FEAT F e BRI A\ 2 2 B
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[0084]  Ffrid KA ] LA IS ik W N M DA 28 3R AT o B i 22 R TR N 48 25 S mT DL HE BT IR RN
WS INASCES o BT I 22 R SRV N 255 25 B P DA 28 I B T AT HE 2 20 B b N S A 2% I

[0085]  Jifrads 2z BRI N £ 20 B AT DA a4 FH 5 i (i 5 i W N s DR A& B AH ] B W N3t R
X T Z RN B RN B 5510 2% GLA v BAT LT W AN 28 SEAR I RN AERED » A8 FH R
H 5E ST N R (K4 2 I AE 2 2145 (hon—drug cartridge) WV A AN AL WE
e A DA AH [R5 B i TR B AW R Z54) , B s i i m] ] G )7 R4 i
25 U AR B TR

[0086] %75 ik A] LAt — 0 L FR R A 0/ B R DI & (B A7 FE A 25

[0087]  Fff Pl 1) o 22 IR

[0088]  TL7rZ HE P ], ik By S A6 0k A R BH ) 8- T3 1 o A2 B B o

(00891 & latit B 1 7R N\ HA TR PEF I & 1 B K I &2 ) 1 49 s R BB 1 5

[0090] K[ 1b Ut B T FEVLFLE B IR N & 8] I 7R DR R Pk 5

[0091] K2 7RG 1 7R S I & S s DA K

[0092] & 32 B/ B MR 8 7 VR Y T2 e

[0093]  PRAHEA

[0094] DL 3 g 4 (it DA ATAF AR S AR 51 B 4% A AS % R G F Hoak iR it 7
E NI B 3T o S R SR T 7 2 1 & B SO AR U AR N kUi A2 1 2 DL
[0095]  ZR 5@ SCHY— Mot S W DA B FH T HC 8 40 S e 77 2 0 S FH T 3¢ A It 8 4 B 1)
R A AITE R o DRI, AR B R R T Wos B S8 7 8B5S AR SO A R R B AR A — B0
i T 0 [ — 2

[0096] VT 2 i £ 38 R0 5E A0 FHVRN 25 , (A AR AT T B RE R} 285 B8 8 1) At A 1950 T 250 B R
THUBy FiEt it DA 9 8 A B TP 57« U 28G5 R UL 3 A8 4 P I e N 28 R 4 15 )1 3 R EAT AR
SATR o TR b, 70 3 R A AT R N 8 0 3 ) el 0y B o M 000 i R [ s 45 254 sk /D>
TR RURL R AR 2 S R IR GO T 7R R ) NS T

[0097]  IXJEZ R H RN, B AIE W LA b g e, il Db e 18 8 i ok IR S =
VPG FF A TR W N 25308 5 AR T SRV S A — S5 I, 9 1 — S TR A\ 2%,
BN IS 2 H 55 A1 Thae (alan, sk 5 0F A0 7K 23 51 Rk AR 25T A%
B, e 4957 S mE XE) .

[0098] SR, HAVE A £ 22 57 it D RE 1) — SR I A< 0 R 0 — SR <00 =4 2 () ) SR BBk
PE A5 tn, 2 W La, % B W~ 1 PEFAIE N A U2 1 5 K E G KR U=, PIF) 2 1A
[P ORECTEFTE 1, iZ B B 7R T FEV LALE RN & 8] 1 SR o B H 2 Fe 410 7 i =U
BoNER L, Horp

[0099]  xi=ME5] (FFE=0; LME=1)

[0100]  xe=4F#4/4F

[0101] xs=5H=/cm

[0102] xu4=1{kHE /kg

[0103]  x5s=PEF/l.min’

[0104]  x6=FEV1/l.min"

[0105]  yi=Wk NE/1

10
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[0106]  y,=PIF/1

[0107] PRIk, 42 050 Ah 38 R A I W N4 5 R BE AR ON 2% 58 7 249 LA o o i 1y & A/ B 4
5

[0108] K[ 2P 7R UL EH T 78 (IR N S I ZR 4200 o W N 25 2 10038 254058 16X 2% 21 1. 5]
W1, X AT L RIPCT & A H i A FF 5 W0 01/97889.W0 02/00281.W0 2005/034833ELWO
2011/054527 T Z — 3 {HER TR R 2 5 X LEPCT & | H1 4 B A4 I N BIA SCH o RN B
MR G R nAFE e R RN A/ Ak gs , B Wi 2 22 (pMD1s) B 25 L3 - 1%
W N2 B3R FH 7 <SR BRI

[0109]  WR N HA JNAX 25 22038 AT AR AU FE AE B s (1) IR N 2 HR B AT DA B RE 75 5 e 21 o
SEHTTH RN I IS 2R B R anSe [ & R FR G 5 62/043,126 (Morrison) 162/043,120
(Morrison) f162/043, 114 Morrison) HH T —3& IR B, a0 LHE MEMSE 9K AL
L NEMS) Fi 7745 8y , 1 2 35 6] 4 0] F i A I N BIAS Serp o e B0l O T B BB 8 A U AL
XTI LL R S J7 A% 28 DU TBC L, BT IR AR SR B Y IR N3 (1 A i iE Gl iz < s i,
i B ) AN IEE .

[0110] Sy #f 5 A58 FH 5 () i D R A / B { e 1 I 8 41, &b P8R 25 230 5 MR N A 25 3 15 LA
Aab F RN S TS 2R U B ) B < 12 Ak 3B S T A L R A BT R B RN 2 R B SN fh
IR BFEAE 3 LA B BT P, Ab 3 23 T] DAL HE 7R BT IR S B B T o 0 SERON A
DA A A LB RS 48221, bR A 7] DULAE 3 e 38 B b, B0 A 7 35 5 L & BE AL
SR RN 2B 10 A L R B PC o 01 SR N B S 28 TAC 45 7 B % -5 L 2 DR 5 DX 6 IRX) 8 388 15 1
U281 AL TR RE A C R b 5 R, I AR IR 52 R SRIK PCBIAE & SRR T LA R 55 R 25 1l 1 7o
Bz A5 4 b, oA 4 30 i 2 i B 55 28 R AT B — il T H i A A7  AbEE 4%
2307 LA 7E FaR 42 B 1) 67 B b AR — 3 1 2 A b B AR AR, 491 T — B B A () Ab 38 AT DA AE
FiE IR N 28 58 18 » [RIINE BE 22 TF 40 ) 43 B 4 S0 28 1 o P2 0 2 | B IR 252 [

01111 W AZS AT LAELHE FH = 5100 240 R4 (it 5 W N 28 14045 FH AN /B0 e (%) i Dy e A/ B
I FRAH DG IS B o B X m] LA 2 R % FR/R (T W FR /R A g 28 1 75 48 R SR = v 2o 1
(traditional dose counter tape) \¥RZIEHFEBIX L BT R A S . 7] BACHLEL )
Ab, L5 Bl DUE I — B 2 A B E BB BUR 2 L X 0 P 28 B 0 A S it
[0112] % Rk n] A H T A7 UCHE R B0 v F 5 45 SR A T b 3 23 AT T AR
T ¥R I ATAE 2 250 o IE WAL PR 28 , 47 a8 nT 7 TR NSRBI 48 E U & 2 .

[0113] Wl N 281K L oo 7] DA E F yth 21 28R (L e, 7 349 M N 28 ] DA AR A #E 5X

[0114]  ZR A S LA i — PO H TR AME IR R E T e BB T# T A4
29k IR AR A AE FIR, TRNES ] DA BRI S vt AE S — A2, an R IR 0 2%
b T (B A AR R S 61N, U0 TR AT A4t /B 1 — A2 fi], PCT & A
HE A 5W0 2005/034833 Gl I 42 51 B4R H N BIASCH) #5587 H T = TR
(RIALRE , o H o S AR MORE S| It — R 25 4 9 ELd i s 2 20 1 55 1 B0 7R A #2 3 2
R B DRI FTH IR O S5 SR A SR I A — B —FEC SR, #—D
LR ANT] Be ) BB 55 O & R IS P AN I o AT FH IS8 AT A SCHE 2 1 RN B 3 2%
(IR N 25 , S 38 BE 8 IR AR ATI5R £ 10 259 , 1 HLAE S IR 1 35 2 115, 3Rk IR 14— Bk
LA DR F T3 — D SRR 1 B 3 o VR B K S B s USSR i i A ik B

11
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2yt 2 10 RS o 1 9 37— AN St 5], 0 Bt 2 1 A e e B ] e 1 5 R i N
o 0F BB F sl iR St E A — e AN PR T PR B
¥

[0115] W] & Hath B Ah , bl AR RN 285 AT 4 S A EL AT 2 T R BB SR N TR il 2
T H, HHA LA SER NS, (H e WA B REZ Wik 8 , &S B A 2 B
VoL A LR o 1222 BRI N 25 AT DA B AL F oA R (14 W N H IS0 90 MR N s 5 25 B
AR B A .

[0116] G IR AN AR 21042 B WHE ZALES , IS4 FT A 1 B oo At T A7 T AR b iZ A Hem] 72
o P 2 R N i 11 R 7 e L 2R R R TR R AT 2R T B A e B LA AR
TERFRSF A FE S A2 b oz s n] DLARE A 5w U PR 1 , 1% 2 SRR
N VBE LG SRR B3 A0 2% (19 i A A RN iR /=

[0117] &332 7~ MR B I 77 L300 Y i FE B o £E310, W N (GBIt RN 28) FF46 - 7£320,
29It RN B3 1K 72330, U0 S BT RN R B A WA B - 72340, N5 3 . 71350 , B &
A 35 L 5 i Ty B A/ i A R X0 I L o 2P B 320 330 1 it J3* 7] A BRI B AT ] e 6 356
43 B 58 4 b R B 52 o 2P B 350 7] PAAE340.2 8 BAMI B 2 5 91 HAE320 2 Bl 2 JE B 5E 428K
45 #5320 [F I & A

[0118]  ZEHEd 4 FH T H 12 D AR M PP 0 M43 A AR AIE W N 288 FH A P 383 2 i A
[0119]  iZ b P AT DA A FE {57 AR 2 A Y b 2 P 1 250 B ) [l AR

[0120] R4 N 25 4% 15 FHRS, 575300 m] DA B4, 9 01wl DA B R 1 o A2 0k 1 IR
28 R A BB A/ B BB 5 PR B 0 T AR i A7 5 B2 b B A B A — BRI 1] (R 40
() 3 R IR A8 o 1245 B AT 4 FH T 0 A RIVE T 77 200 Zh AR I FLIE &0 ] B8 4% 225K 1 A4 42
1 o 12 AL R 258 BE 5 A8 P BN 4 AN/ SR e DA T T e AN /B (8RR 1) R SR AR AL o 1 T m]
PAEET M IEAE BT ) 3 (patient inquestion) YWCHER) il (B i A R T-2dk) , At/
BUA R IE N S AR B B 49t , R B G b B R AR 1 VR 22 RN B 0 458 FH 3 1 8
AT DA B 5 HoA T % 0 AR e IR 100 5 28 A 2 R R N B5CH AR A R B =X PR ot , 4 PR
AT DL B 5 ST o G S E 1) 538 B SR S5 4o ¢ 21 UG e 1 SR A K R 4 At AT] B
AT REOR) 38 B3R T T DA 2 5 [ 15V 97 T R IAT = SR B AR Ak (40 35 N i) 77 = Bk
(R Z5WBT i) AT AR At DA Bl ke G Ak

[0121] e 3eb M N s SIS A 4 (%) 2540 487 ] DA P 77 22 D (B B 4 0] I 0 I A () Bof
B 27 o U EAE 7] A SE HAHL (1 o 7E 45 402 . 5L 0FP P (194 B 10ms . 50ms B 100ms) #3845 - 54
PRUSCEE P DA B 3 10 B AE RN A S 28 A0 FH 2 [7)

[0122] 3% F] ;S m] DAR AL, Bl & I PIF G E I SR N & G E IIPEF i E 1
FEV1 B B AT T4 e 28 38 1 R AR B 3 S 50 P 1 — N0 0 BB o e (B an BT ik 38
MUERT DAIE T AR AE SR LL = ws . B a AR E LR PR T B sl B 4N, e R B
PRALIC T DU S 1 H B 75 70 i RR VST N 1 — e bRl o0 T I 1) B0 (B A2 75 A0 8 R Ve DA
T BL RBECRL B = JeE bR o IS BE 3 R ) S PR AT DL R B T R I R AR
A VRFE R o P B BB Sy Ak, % P S A] aE A TR R IR R = 2 B B AR K
PEWENZ5 T RGBS B — R M E A A E 8 E . 5 — DA BB B B R R AT L2
e N5 A2 15 O 4 AR At AT A, 461 4, A 45 2 2 B BEUR) 38 B ER 2 6 X 2 45 U IR 770 =2, X T
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HRGWFTIRA R BORIFHIRN , B A IE B IR AN , F/ BRI 25 E
25 IE ff A Ik A ) A o

[0123] W N 28 P b B o I 55 15 (b B g 11/ B(COPD) VR YT - — RIVFPIR N AW T
CRE R LR T IR G I HLRR 2R BT ASFE R B AR R

[0124]  SZAEY K258 R H DAY R SRS gl SO, BRI IR E BE 77 , AT 3 i o) i
(RS S IR AT DA R R B 800 o L 7R by, 8 RS sk 2 iR T L
AP ) PR AR, SR T RS TR 2R R S A AR RER o

[0125]  AS[RIRPIS I S A b5k 24 00 ) W 38 P AN [ 52 44 o AN i A FH 1 RS A i R
T BE 1254 (anticholinergics) MBI zh57).

[0126]  HUARGKEERIZ54) (B “DUss B 254" (“antimuscarinics”)) Mk i B PEHIFE 11
TZE A P e O A2 ARBE IR A2 38 5 LB IEAE (neurotransmitter acetylcholine) o7 &6
Jite P, ORE AR BE (1) 24 4 3= 20 Ao T I R i H M3 8 B Al 2 52 A LA A FH DA = A P LR
sy, PRt A SORE Y KR AE T (bronchodilatory effect) o K AUE: ERIIEHUM (LAMAS) FOAL
e S5 AL FEEFE IR B GBRAL YD) VEFEIRSE (oxitropium) GRALYD) Bl 4% (aclidinium)
CGRALAD)  FNFE#%Z (ipratropium) (GRAH)) HEFE%E (glycopyrronium) (BALYD) B
T (oxybutynin) GhEREREEIRIREL) FE5FP ® (tolterodine) (BA L) il 7 &
(trospium) GEAYD) EFIIEH (solifenacin) GFIAMEL)  HHTHE P € (fesoterodine)
(GREEH R IR ) FLAE I (darifenacin) (EURERER) ALBEFIEILT , RRATLER &/ BEE
A FRRAERE 5 o 58 R 55 RIS T 5T (SAMAS) (K035 SE AR F0 M Bk A% (tropicamide) FlI
IRE (cyclopentolate) o

[0127] B b ZR GRS (B “Bo— 3N 5H") X B2~ F MR 5244 (Ba—adrenoceptors)
A, G-I MR s, SECCE @ IE R 5K AR R RLB - BB 71 (LABAs) B4 18
TR (formoterol) EFHRILER) WP EFFD (salmeterol) WEHFFE) (xinafoate) EfilA
F % (indacaterol) (HRMRER) (A RS (bambuterol) (FRER ) . W%
(clenbuterol) (FLERER) LAY (olodaterol) (FhEEER) . FE4FY (carmoterol) (EhR
) CZWEEERY (tulobuterol) (FhMREL) AI4E =4 % (vilanterol) (ZZ R KBR)
(triphenylacetate) . ¥ RUB2—3 BN 7 (SABAs) B SL G FEMN T 2 BE (B IL £h) e AT A Ak
(terbutaline) (BREZER) \WEATHF 2 (pirbuterol) (BEEEEL) B PG AR (metaproterenol)
(BRPR h) Fvb T BE (albuterol) o FEREFME LT , Sl i 28 /B b Fa nAEFE S
[0128]  H T-¥RI7 PR R AS I 75— R AW E RN 3R (1CSs) o [CSAR AT K JH 2 il I
W [ 15 (1) 25 (] 38 2R o e A1) ek gk 2D PP W G 8 RE A AR FH o B 226 ) S 48] A 6 ATt S 4
(budesonide) f5E KNS (beclomethasone) (THEREE) FE A4 (fluticasone) (IR EH
R h) VoK MA (mometasone) CREFRER) (IR ZE 431 (ciclesonide) FlHL ZE K
(dexamethasone) (8) EREFME LT , FrA AL £/ Be L Rt de A FE 5 o

[0129]  yH PR AT L AT, AR AP iR A A 7 B S e . A PRI A
A TR 4L B VR T RS B SE AR R SR ZEWO 2004/019985.W0 2007/071313.W0 2008/
102128 F1W0O 2011/069197 1 o ¥ PE Rk 23 7T BL A& LAMA . LABARITTCSHI 4L & o ‘B A1 17T A & LAMA AT
LABA\LAMAMITCS \LABARMITCS /B 1 st K i X B H & o ‘BATTIE P LA A2 LAMA . LABAFITCSH]
HE.
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[0130]  Hl7R P2 A At :

[0131]  BAHAG T GhEREh B IR IR Eh) FIE T Y (EEA R IR Eh)

[0132]  sAHEIRHT EUIREREL) At S4s 2 (IEEH R IR L)

[0133] B4 T GhIREREREIR IR Eh) AR 2 ESH R IR ED) ARF SRS (ZTARER)
[0134]  RAEIRHT GIRIREL) SRR GEHRIRER) M0 (SRR ED

[0135]  BREAG T GhIREhERE IR IR R MV 4R (salmeterol) (WFEFFSE (xinafoate))
[0136]  RAEIRHT EIRER ) VbR E (salmeterol) (PEAFD (xinafoate))

[0137] P AG 7 GRERER BN IRIR &) W 3EHF P (salmeterol) (WEFFD (xinafoate))
MR R (REREL)

[0138]  IA4EIEH (HIRIREL) W EFRFE (salmeterol) (WFEFFEZD (xinafoate)) MG R
Fa (RNERER)

[0139] &%k (R FIERIAFRD (HoRIRER)

[0140]  A&PEH: GRALYD FIESERRD AR R ED)

[0141]  MEFEIREL GRALY) AR (RESH R IR ED)

[0142]  MEFEIRER QR F-REEER D GRIRED)

[0143]  WEFEIREE RV FEIER:R (olodaterol) FhER#ER)

[0144]  MEFEIRE GRALYD) FEfIARR S (5 ki Eh)

[0145] ARt S EEAIMESIRR D GEHHERERED

[0146] 7R il i LL P 2R (1) 75 T ol 2 FH T 1 MR N 3 0% (bE il il - W N 28 (DPD) il &
TE S AL EMDT) B0 ES) R h , VP 2 AT A d R E.

[0147]  ZGWRIAPT R IR N #1533 B it b DA B8 B AR E AT A PRtk AP T s kit BA
ARAFHAT ZR ST BRRL , 385 B & A 8 =44 3) 7157 B AE (mass medium aerodynamic
diameter) (MMAD) SAj1-5um.

[0148]  Z54m] AR N SERE I 25 0t 3 06, (EL T A3, FI0 3% 25 903 [R) I T 771 (3844 — kg
IR LRI FIE S RN A 38 B AR A LR R, b an 2 88 (9 ek A 4E 5= 5
FUNE R ERE H R R R B AN ZE IR , DA R TEHURE LG i R A5 B A 4« LR 2
PRz IR o

[0149] Sk AR R 25 W A0/ B T 7] 09 S90RE AT DA Ji 3ok % G R 49 Gn e ik e S A
(micronisation) HFEE S i % il %

[0150] 541, Z34 AN /BRI 7H A T LA W v h LA s 1% B2 RS e R BORRAIE » Sk
A DAELFETE MR S 2 [ PR 7R B TR SOM LB EE A S RN S0 A 7R B H e
[0151] 254 m] DARE A0 5 BN N 258 1) 75 2% HH BS0RE T30 AR N 28 1 PN SR ) f o B, 54
AI D23 il H A B R 25 IR N2, 1 A LR SRV SRS (M B A & (in a blister strip of
unit doses) BB EE, Hon] DU RCE AR A SR il T H 54

[0152] Wi A AESE AT A FF T AR SCREIR () AN R AE AN AN B L SRR 1 AT
BAA, FEIXFER VO A, 2 T AR AR A A 15 Ul 9 45 MR 4R AR ST AR 2 i
W, WIS E B 5 RE W8 1 S5 i , A~ R SR AE BURFAE I 4 & 2 5 il TR AR S TR IR AR AT
e I FLAN R TR ZE R A VG o FiE AN SR T A & B I & 07 10 AT DA B3 AT S
FREEAFAE A A AR YE FIRREIR , REARSTUEE AN SR, & FE AT ELAE AR I 1) 95 ]
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